Abstract The recent development of vitrification technologies and the good outcomes obtained in assisted reproduction technologies have supported new indications for freezing and segmentation of treatment. Beyond OHSS prevention and avoidance of embryo transfers in the setting of an adverse endocrinological profile or endometrial cavity, we have witnessed a trend to shift fresh embryo transfers to frozen embryo transfers in many programs. We critically review the available evidence and suggest that freeze-all is not Bfor all,b ut should be individualized.
Introduction
Since the introduction of assisted reproduction technologies (ART) more than three decades ago, advances in clinical and laboratory areas have opened the door to different variants of the standard IVF procedure. The introduction of vitrification, safer stimulation protocols to prevent ovarian hyperstimulation syndrome (OHSS), increasing the utilization of preimplantation genetic testing, and data on obstetric and perinatal outcomes have led, among others, to a current state of BFrozen Fever in ART.^The elective deferred embryo transfer concept, based on the principle that controlled ovarian stimulation (COS) may cause a less physiological milieu for embryos to implant, is not uncommon these days. Yet, we must wonder when and for whom is this freeze-all approach most appropriate. Does it represent an opportunity to provide a more physiologically natural environment for the embryo: improving the soil? How can we balance this against the possible unnatural changes that we may be causing the embryo as a result of freezing: harming the seed? Physician's treatment choices are influenced by a number of factors, including guidelines, evidence-based medicine, past experience and, to a certain extent, habit [1] . This review attempts to describe what has driven part of the scientific community to shift from fresh to frozen embryo transfers, and to analyze if it is time to cool off and reconsider strategies.
Freeze-all-why?
What has made us think of a possible shift to freeze-all policies?
1. Evolution of cryopreservation techniques: toward vitrification.
Cryopreservation is of crucial importance in reproductive medicine. Since the mid-1980s, cryopreservation and storage of embryos created in vitro has been employed to ensure that most of the potential of an IVF cycle is made available to patients without the need for the simultaneous transfer of multiple embryos. Slow freezing has been the method of choice for decades for the cryopreservation of cleavage-stage embryos and blastocysts. In oocyte terms, however, although a number of pregnancies and births have been reported following the transfer of embryos Capsule Segmentation of treatment with freeze-all and transfer in a subsequent cycle should not be routine, but only when indicated for a reason.
derived from slow-freezed oocytes [2] [3] [4] , survival rates are only close to 50 % [5] [6] [7] [8] and fertilization rates of frozenthawed oocytes are low compared to fresh ones (just over 50 % overall) [9] . Vitrification, on the other hand, has proven more effective than slow freezing in terms of survival rates and clinical outcomes for oocytes and embryos [10] [11] [12] , and no doubt is the method of choice in practically every IVF clinic today. Vitrification is a fast cryopreservation method that involves exposure of oocytes/ embryos at high concentrations of cryoprotectants and ultra-rapid cooling rates which cause instant solidification (vitrous state) that avoids damage to the cell due to ice crystal formation. The avoidance of ice crystal formation represents the major advantage of vitrification over slow freezing. Given the excellent results provided by this technique, vitrification can no longer be taken as a complement to IVF treatments but as a fundamental tool for the management of our patients. Low responders, for instance, can benefit from accumulation of oocytes through vitrification as it allows them to achieve similar clinical outcomes as normo-responders [13] . Moreover, this strategy is also attractive for patients of advanced maternal age (a more difficult group to treat) who, in addition to being low responders, require preimplantation genetic screening [14] . On the contrary, vitrification of oocytes (and embryos) has also proven to work with patients at risk of developing OHSS and represents a solution when embryo transfer needs to be delayed [15, 16] . Last but not least, oocyte vitrification allows women to preserve their fertility today, the so-called Bsocial freezing,^and offers clinics to establish egg donor banks with similar results to fresh oocytes [17] . In terms of live birth rates, a population-based cohort study that compared cryopreservation by vitrification or slow freezing in a large data set (over 30,000 cases between the two groups) revealed that vitrified blastocyst transfer cycles resulted in a significantly higher live delivery rate (adjusted relative risk (ARR) 1.41, 95%CI 1.34-1.49) compared with slow frozen blastocyst transfer cycles. One limitation of this study is the lack of information available on clinic-specific cryopreservation protocols and processes for slow freezing / thawing and vitrification / warming of blastocysts and the potential impact on outcomes [18] . Thus, introducing vitrification has been crucial, and it today represents an excellent tool when it comes to establishing freeze-all policies in our clinics. 2. Improvements in stimulation protocols: toward antagonist protocols and OHSS-free clinics. Controlled ovarian stimulation is the initial step of an IVF treatment that has evolved from simple protocols to personalized treatments. The use of oral contraceptive pills prior to ovarian stimulation was an early step toward programming IVF cycles [19, 20] , but later, the introduction of gonadotropin-releasing hormone agonists (GnRH agonists) led to a major change in terms of IVF logistics. GnRH agonists are widely used to downregulate endogenous FSH and LH secretion, to prevent premature endogenous luteinizing hormone (LH) surge and to reduce cancelations due to luteinization [21, 22] . For many years, GnRH agonists have been considered the Bgold standardp rotocol, especially in young normo-responders. Yet, one major drawback of these protocols is the risk of OHSS. The introduction of GnRH antagonists seemed to open up a new way to more Bfriendly IVF^ [23] . Unlike indirect pituitary suppression induced by GnRH agonists, administration of GnRH antagonists causes immediate and dose-related suppression of gonadotropin release by competitive occupancy of GnRH receptors in the pituitary [24] , which results in a much shorter duration of stimulation and absence of side effects caused by profound hypoestrogenemia [25, 26] . A meta-analysis by AlInany et al. demonstrated that the live birth rates between the use of GnRH antagonists and agonist protocols were comparable [27] , but the majority of trials clearly support GnRH antagonists resulting in a significantly lower incidence (50 %) of OHSS compared with GnRH agonists [27] [28] [29] . Following the introduction of the antagonist protocols, complementary measures came along to avoid the risk of OHSS even more, like triggering ovulation induction with GnRH agonists instead of human chorionic gonadotropin (HCG) [30] [31] [32] [33] . Still, this approach is not 100 % safe as a few anecdotal cases of severe OHSS following GnRH agonist triggering with no luteal supplementation have been reported [34] [35] [36] . GnRH agonist triggering has been associated with luteal phase defects, presumably due to excessive negative steroid feedback [37] [38] [39] . Two consecutive Cochrane reviews by the same author state that: BGnRH agonist triggering is associated with a lower ongoing pregnancy rate compared with conventional hCG^ [29, 40] . This conclusion was qualified as premature and mistaken based on the following: (1) Cochrane reviews should not be conducted in the research phase when new concepts are being developed, and (2) the authors missed the fact that the variable that affects results is luteal phase support itself and not the use of GnRH agonist trigger for final oocyte maturation [39] . Therefore, if triggering with GnRH agonist (which is the preferred strategy to reduce the risk of OHSS) is associated with luteal phase defects, then a fresh embryo transfer should not take place; treatment needs to be segmented and the freeze-all concept becomes attractive. 3. Inevitable increase in genetic screening: toward the transfer of a healthy embryo.
Despite ongoing debate about its efficacy, preimplantation genetic screening (PGS) is increasingly being used to improve implantation rates after IVF. The European Society of Human Reproduction and Embryology (ESHRE) PGD Consortium collects preimplantation genetic diagnosis data (PGD) from a number of clinics worldwide. According to its last report, 52 % of the PGD cycles in 2010 were used as PGS [41] . In early stages, PGD was used to detect embryos at risk of inheriting monogenic diseases. In 1990, Handyside et al. [42] treated couples with sex-linked disorders through DNA amplification followed by PCR for a specific repeated gene sequence on the Y chromosome. Later, PCR was found to be less effective in determining gender as it produces qualitative and non-quantitative data, which means that test results could confirm sex by highlighting the presence or absence of a specific repeated gene sequence unique to the Y chromosome without providing further information on the existence of an X or Y chromosome [43] . To overcome this disadvantage, fluorescent in situ hybridization (FISH) came along and expanded rapidly to also include somatic chromosomes [44] . Considering the well-known fact that chromosomal abnormalities play a major role in failed embryo implantation, it was not surprising to hypothesize that identifying aneuploid embryos in patients without a history of genetic disorders could improve implantation rates and live birth, while reducing the number of abortions at the same time. This is how preimplantation genetic screening (PGS) started, and today, we have evolved from the early FISH years to the use of array CGH and next-generation sequencing (NGS). The commonest indications for PGS in IVF include the following: patients of advanced maternal age (AMA), repeated implantation failure (RIF), recurrent pregnancy loss (RPL), and, to a lesser extent, patients with partners with male factor infertility [45, 46] and egg donors [47] . From a technical point of view, genetic screening has evolved from biopsies of the oocyte's first and second polar bodies [48, 49] to biopsies of cleavage-stage embryos. The first clinical studies conducted with biopsies on cleavage-stage embryos showed higher implantation and ongoing pregnancy rates, as well as lower abortion rates [50, 51] . The initial belief about day 3 biopsy was that it gave the laboratory plenty of time to do the actual testing and still be able to do a fresh embryo transfer on day 5. However, there were several drawbacks, including mosaicism and embryo damage due to the removal of a large percentage of embryo cells [52] . Fortunately, advancements in culture media formulations allowed embryologists to culture embryos to later development stages and the first cases of trophectoderm biopsy took place in 2005 [53] . Today, trophectoderm biopsy is the method of choice not only for a reduced likelihood of mosaicism but also to increase the amount of DNA available for testing and to cause less embryo damage. It is in this context that the freeze-all idea plays a role by overcoming time restraints and allowing us to biopsy embryos in later development stages, vitrify them immediately afterward, send the cells to be tested, wait for the results to come back, and schedule the transfer of a normal embryo in a subsequent cycle. 4. Data on perinatal and obstetric outcomes: toward safer mothers and offspring.
There is a growing body of evidence that highlights concerns about perinatal and obstetric outcomes after ART, particularly following fresh transfers.
Different studies have shown that children born after assisted reproductive techniques (ART) have poorer outcomes in terms of preterm birth (PTB), low birth weight (LBW), small for gestational age (SGA), and perinatal mortality when compared with newborns of natural conceptions [54] [55] [56] . Among those undergoing IVF, the results between fresh and frozen embryo transfers (FET) in obstetric perinatal outcome terms are still unclear [57] [58] [59] . A systematic review and meta-analysis based on 11 observational studies concluded that after transferring frozen-thawed embryos, singleton pregnancies resulted in a lower risk of antepartum hemorrhage (RR = 0. [60] . A Scandinavian study that included three different countries [58] corroborated some of these findings, but also observed that frozen-thawed embryos were at higher risk of post-term birth (aOR 1.40, 95%CI 1.27-1.55), large for gestacional age (LGA) (aOR 1.45, 95%CI 1.27published data suggest that it is still unclear if perinatal and obstetric outcomes are better with FETs compared to fresh ones (Table 1) .
Freeze-all for whom?
Despite all the abovementioned benefits, we must still wonder who should benefit from the freeze-all policy. The debate perhaps arises as a result of a recent meta-analysis [65] , which concluded that: BThe use of FET, compared with fresh embryo transfer, significantly improves clinical and ongoing pregnancy rates in patients submitted to ART.^However, this conclusion is highly questionable because of different factors:
First, the meta-analysis includes only three small studies. A proper meta-analysis should involve at least 3-4 RCTs with no less than 1000 participants [66] . This was not met in this review as the total number of patients included was only 633. In addition, one of the studies [67] , in fact the largest one, was retracted at the request of the Editor and the ASRM Publications Committee due to serious methodological flaws, which reduced the total number even more to back up such a conclusion. Second, the three studies are very heterogeneous in terms of the types of patients included (normo-and high responders) and of some technical aspects. Normo-and high responders represent two different entities in terms of clinical approach, management, and IVF outcomes, not to mention safety issues, which differ very much from one group of patients to another. In addition, the cryopreservation technique and the development stage in which embryos were cryopreserved differed. Both studies by Shapiro et al. [68, 69] performed the slow freezing of 2PNs, whereas Aflatoonian et al. did vitrification on day 2 of development. Third, the study by Shapiro et al. [69] , which included normo-responders was underpowered (the required sample size was 411 patients and the study randomized only 67 patients for fresh transfer and 70 for FET), involved co-interventions, such as dual trigger for final oocyte maturation, and led to pregnancy rates of 84 % in the FET group, which were far higher than those reported in European or American registries. Fourth, none of these RCTs were able to provide data on live birth rates, costeffectiveness, and acceptability from patients.
In our opinion, there is no doubt that patients at risk of OHSS are good candidates for this approach. For these patients, the combination of the right stimulation protocol and the vitrification of oocytes/embryos have transformed what was a high-risk situation into an anecdotic one [70, 71] . As described by Devroey et al. [72] , the strategy to obtain OHSSfree clinics is closely related to the segmentation concept. It consists of the following: segment A, stimulation with GnRH antagonist and triggering with GnRH agonist; segment B, optimum cryopreservation of oocytes or embryos through vitrification; and segment C, embryo replacement into a receptive, non stimulated endometrium in a natural cycle or with artificial endometrial preparation. Regarding segment B, one common question is whether if we should vitrify oocytes or embryos. According to a prospective comparison made by Herrero et al., both approaches are safe as they result in similar ongoing pregnancy rates and live births after three transfers [15] . Therefore, the decision to do one or the other will most likely depend on the individual patient's preferences, and on ethical and cultural issues rather than on clinical outcomes. A trial of expectations and perceptions of frozen embryo holders revealed that many couples are concerned about frozen embryo disposition for ethical reasons [73] . Given these concerns, oocyte vitrification may ultimately be a more attractive and realistic alternative for certain society groups [74] . As regards segment C, no consensus has been reached on the most effective endometrium preparation method prior to FET. A systematic review and meta-analysis published in 2013 compared clinical and ongoing pregnancy rates, as well as live birth rates, in (a) true natural cycle FET (NC-FET), (b) modified NC-FET with hCG, (c) artificial cycle FET (AC-FET), and (d) AC-FET supplemented with GnRH agonists. The study revealed no significant advantage of any specific approach to prepare the endometrium for FET in terms of clinical pregnancy rates or live birth rates [75] . The results were in line with the previous systematic review published in 2008 [76] . Either way, and independently of the particular characteristics of segments B and C, there is no doubt that the segmentation approach for patients with OHSS works [70, 71, 77, 78] , and that the freeze-all policy in this situation is no longer controversial. However, controversy still exists when it comes to normoresponders. The benefits of the freeze-all policy for patients at risk of OHSS cannot be extrapolated to safe normo-responders. A recent study by our group [79] revealed no difference in terms of ongoing pregnancy and live birth rates between normo-responder patients who underwent fresh and deferred embryo transfers. This was a retrospective study that included 882 patients aged 20-44 who underwent their first or second IVF/ICSI cycle, in which a normal oocyte yield [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] was obtained. Patients were divided into two groups: 364 (41.3 %) underwent fresh embryo transfer and 518 (58.7 %) were submitted to freeze-all, according to their doctor's preference. No differences were observed between both patient groups in terms of demographic characteristics and ovarian stimulation parameters. The raw analysis showed that ongoing pregnancy (36.2 vs. 33.8 %, p = 0.51) and live birth (33.2 vs. 32.9 %, p = 0.94) rates for freeze-all vs. fresh cycles, respectively, were similar. When adjustments were made for patient age and other variables likely to affect the results, there was still no evidence for any impact of freezing. All the patients in the study were considered Bnormal responders^and were thus representative of a routine IVF patient population. Unlike these results, a different study by Roque et al. [80] found better ongoing pregnancy rates using the freeze-all policy in patients with progesterone levels ≤1.5 ng/mL on the day of triggering. However, sample size was smaller than our study (530 patients: 351 in the fresh group and 179 in the FET group). In addition, the retrospective design of this study does not allow us to understand if poor responders were transferred, and if normo-and high responders were frozen, which would have biased the results.
It should be acknowledged that a normal response per se is not exclusive of freeze-all. Normo-responders can face situations in which this policy may apply, such as those who undergo genetic screening, or present high progesterone levels, impaired endometrium, etc. If it is not indicated, the question whether freeze-all represents a benefit for the general IVF population still remains, and further well-designed prospective studies will answer this question. This is the case of an ongoing randomized controlled trial that is taking place in the UK (E-FREEZE trial). In this multicentric study, 1086 women (543 in each arm) will be randomized over a 2-year period to show (or not) an absolute difference in the primary outcome of at least 9 % (with 90 % power and a two-sided 5 % level of statistical significance). The primary outcome has been defined as follows: a live singleton baby born at term with appropriate weight for gestation (AGA). A composite primary outcome has been chosen to reflect safety (single, term, and AGA) and effectiveness (live birth) since the goal of modern IVF is accepted to be a healthy baby and a healthy mother (with no OHSS) (http://www.nets.nihr.ac.uk/projects/hta/1311582).
Freeze-all-conclusion-change in practice or not?
A change in practice should be based on good evidence and sufficiently powered studies. As of today, the benefits of the freeze-all policy are based mainly on high responder patients and cannot be extrapolated to the general IVF population. We are entering the era of individualized treatments in IVF, not only from a clinical point of view, but also from the laboratory technologies that we offer our patients. Why would the freezeall policy be exempt from this individualization, especially since there is not enough data to justify it? Clear indications should be specified (Table 2) . In our center, indications for freeze-all are not only restricted to patients at risk of OHSS but also to any type of patient with a clear indication: patients seeking genetic screening, patients with an altered endocrine and cardiovascular profile at the time of transfer (elevated progesterone, hypertension, etc.), patients with inadequate uterine cavity for embryo transfer (i.e., fluid in cavity), and low responders who seek a strategy to accumulate oocytes or embryos. In some areas around the world, especially Latin America, the endemic situation of the Zika virus is causing patients to either postpone or interrupt their IVF treatments to avoid infection during pregnancy. However, postponing is not a choice for some of our patients since they are already fighting against their biological clock. Therefore, initiating treatment and freezing all the embryos represent a solution.
The importance of a good laboratory should be emphasized. Implementation of the freeze-all policy will not work unless high survival rates for oocytes and embryos are guaranteed. This aspect is not minor and is the essence for this policy to work. Any embryologist would agree that vitrification is a laborious process that requires plenty of focus and is inevitably affected by a long learning curve. In this context, perhaps the introduction of automatic systems could help the standardization of results and make the implementation of freeze-all policies easier. Finally, what about the extra cost and time that it would represent? Would IVF patients accept this shift? Are we ready to handle their expectations? A study that evaluated patient attitudes toward elective single embryo transfer (eSET) clearly showed that even though informed patients are sufficiently concerned about the adverse outcomes of multiple pregnancies, they become less risk-concerned when faced with multiple IVF failures and economic burden [73] . Then the question is-why would elective freezing be any different from elective single embryo transfer? Enough questions still need to be answered to justify the implementation of the freeze-all policy when there is no real indication. Therefore, it is time to cool off, wait for more evidence, and shift only if necessary.
